L., gak Koadunuent DponOPHUOHAIBPHOCTU MEKNY NBYMA BEKTOpPa-
M X, 2 Jy ectp Temsop. Ecau cmerema usoTponmHa, TO cmia He
MOKkeT OBITh DPUYUHON HOTOKA, MMEMIIEr0 NPYIYW TEH30PHYK pas-
MEpHOCTb — CKaJAp He MOMKET OBITh NPUINHON BEKTOpAa M BEKTOp —
c}{aimpa (npunyun Kwopu). CregosaTensHo, B 3T0M cIydae L, =
= Lipg = n

Js = LSSst Jv = vaXv-

Conpsikenne MeKay CKAJXADHBIMH M BEKTOPHBIMH IIPOIECCAMI OT-
CYTCTBYeT B M30TDPOIHON CHCTeMe.

Hokaxkem 210 yTBepjende. TeHsopHas BelIUYUHA panra r peo0pasyercsm
TpU OpPTOrOHANLHOM IIpeo0pa3oBaHUM KOOPIUHAT KAk
L

’ . s . s :
i)ig-.ip = 2 . v (]1’ ll) v (]2’ "2) v U(]n’ in) I{J‘]_J'gn-jn’
Jigin
rae jr, i — AeKapTOBH KoOPAMHATH, U (jr, i) — dmeMeHTHI MAaTpunnl Hpeolpa-

80BAHHUSA, ONpEAENHTesb KOTOPoH paBseH z=1. Ecnim cmcrema usoTponmma, To oua
HHBAPUAHTHA OTHOCUTENbHO OTPAKEHUA B LEHTPe (uHBepcHH), T. €. OTHOCUTENb-
’

Ho npeolpazoBanEa z’ = —z, §¥' = —VY, z’ = —z, KOTOPOE MOMKHO 3aMHCATh TaK:
—1 0 0
! = 0 —1 Ql\r=1Ir.
0 0 —1
Ecnm U = I, To Tenzop L npeoGpa3yercs no 3aKkoRy
L' = (—1)"L.

Ho B cuny wumnBapuanthnoctu L’ =L, u, cnegoparenpno, Bce Ko3QQUMUenTsI
opan L ¢ mHewerneiMu n ofpamaiorca B Hylnb. B nHameM caydae A5uA Lgy # Lo
mMeeM n = 1. 3navur, otm KoadPUUAEHTH paBHBI HYJIO.
BenencrsBEe UHBAapPUAHTHOCTH H30TPONHOM CUCTeMB OTHOCHTENbHO Bpaie-
Huil TeH30p L., npuobperaer dopmy
1 0 O
Ly, =Ly, |0 1 o),
0 0 1
T. ¢, o0pamaerca B CKauap.

Ecin cmereMa aHH30TpONHa, HO HMeeT IEHTp cUMMeTpum (JIi0-
OHle KPHCTAJLIBI, DOCTPOEHHBIE W3 CHMMETPHYHBIX MOJEKYJI U JIHA-
HICHHBIC¢ BHHTOBOM CHMMETPHH), TO HHBAPHAHTHOCTbL OTHOCHTEJILHO
HHBEPCUH COXPAHACTCA W NO-BpekHeMy Lo = Ly =0

§ 9.4. Coupsixenne XuMHYECKAX pearmuil

Ilna Guonoruy OCOGEHHO BayKHO CONpAKEHNE XMMMIECKHX peax-
nuil gpyr ¢ ApyroM m ¢ mpoueccoM muddysmnu.
PaceMorpmM DpocTefimmy0 XEMHUYECKYH peaKnuio pOIHanm pas-

HOBecHA: .
A Z‘ B.
-1

Hunernyeckoe ypaBHeHNe PEAaKIUH MMeeT BHJ
éB = _éA = k‘cA —_ k._‘CB. (9.60)
812



Tlorox, T. e. CKOpPOCTH peaxkuUuH, eCTh
Jium =V = —{4 = (a. (9.61)
B pasaosecnu v =0, (¢s)eq =(éa)es =0, 1. €.
Fy(ca)eq = k-1 (Cn)ea
Honcranra paBnoBecus paBHa
K=Fk/k_,= (c8)ed/ (Ca) e

JonycruM, dro cmcreMa HepaBHOBecHa, HO OJIM3Ka K pPaBHOBECHIO.
Torma
Cca=(Ca)es T cta, Cn=1{(CB)eq T Xs,

npuieM OTKIOHEHHA OT pPaBHOBECHBIX KOHHGHTP&HI/Iﬁ s, Op MAJBIC

A <<(CA)eq7 24 :) < (cB)eq'

cat e =(Ca)eqx T (Cr)eq

Ouesugno, 410

id
aat+ ag=0.

Tlpm raxux ycaosmax X
1

Jxuw = Ky ((Ca)eq + @a) —k—1 ((¢B)eq+xB) =4 (k1 +h_a)=kas _; .
(9.62)

CpojicTBO B 9TOM ciIyvae paBHO
S = pa — Pa. (9.63)

B paBuoBecum (Pa)eq=(Mr)eq B & = 0. JluHeiinaa TepMopMHAMHUKa
naer (cp. (9.43))

By—H
JXMM=U=L§=L A~ tB

AP (9.64)

rne L — denomenonormyecknii woaddunment. Iloxbayach sbipaske-
HEeM Ui XuMEmIeckoro noremnmana (9.46), maxomum

.9¢=|L°A+RTln(cA)eq+RTln(1+ %A )__

(¢A)eq
o _RT1 RT1In(1 +—% ) —
_ po — n (CB)eq —_ n (CB)eq —
o o
=RT[I (1 -—A—)—l (1 —B—)]x
n + (CA)eq o + (cB)eq
a o a 11K
zRT[_A___B_] —Rr- A 1K 965
(cA)eq  (cB)eq (¢A)eq XK ( )
H, CIen0BaTeBHO,
LR 14+ K

Jxmv( = m o —K——. (9.66)
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CpasumnBaa (9.66) ¢ (9.62), maxomum snadenue Kodpdummenrta L:
L=k (c\)ed/R. (9.67)
Tar rar losl € (ca)eq 1 lasl /(cs)eq = lanl /{cs)eg < 1, umeenm
%/ (a) eq K(C8) ea/ (Ca)eq = K.

CxeposaTenbHo,
%A
(CA)eq e & K(1 - M) ~K,
mwia
o
(cAI)\eqi—_‘_f(—{(— <1,
T. ¢. corxacHo (9.65)
S/RT < 1. (9.68)

310 1 ecTh ycropue OMM30CTH K PaBHOBECHIO, IKBUBANEHTHOE O, <K
< (Ca)eq. JloKarkeM, 9T0 U3 3TOTO YCIOBMA HENOCPEHCTBEHHO CIAELYeT
nuHeitHoe coornomenue (9.64). IlpepctaBum cKopocTh pearmud
B BHJIe

. k_y cp 1 g
v=cB=kch—k—ch=kch( ——k—l—a)=kch( ——Ec:

u cponetso ¢ B Buge (cp. (9.49))
¢ =RTIn

N CB
Orcona
ca/cs = Kexp (—¢/RTY.

OpnuaKo, ecnn cupaBe/UINBO yclIoBHe OansocTn K paBHosecuio (9.68),

TO, pasiaras DKCIOHEGHTY B PAJ 1 OIPAHNIMBAACH JNHEIHHIM wWie-

HOM, HOJYdaeM

104 5t
r

Tk

v=

=R

B6xusu pasHOBecusnt Cx = (Ca)eq. CirenoBaTeNbHO, CHOBa uMeeM (cM,
(9.67))

L == ki (CA)eq/R-

PaccMoTpuM Tenepn coupsikenye HeCKOIbKUX pearmuil, [lonyerum,
9T0 TPH PEARNUU 06pasynT yuka

/SR h—,\\
¥ ks
(ovm H
hy
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TloTokHM pasHBI
Ji = k,cA — k_ch, Jz = kzcg —_ k-zcc, Jg = kacc - k-gCA. (969)
3uauenusa cpojcra

-9¢1=HA—MB, m:::lha"' Ke,y

Shs=po— Pa, it Syt St =0. (9.69a)

DyHEKNEA AUCCHOaNNH, BLIpA/KeHHAA depes HesaBHCHMble DEpeMeH-
Hule n yMHO:kennasa Ha T, pasma

0T= J".Q¢1 + Jz-%2 + Jg-%a =(Ji - J;).Qﬂ, +(Jz - Ja)-%z. (9.70)
Iloroxn J, —J; u J, — J; mesapucmMel, UmeeMm

J,—J,=L“.SZ¢,+L,2.9¢2, Jz —J;=L2,.9¢, +L22M2. (9.71)

B paemoBecnu py = pp' =pl, #'=H1=0, I,-l,=J,—1,=
=0 m Jy=J,=J,=0. Hotoxkn paBmel HYJKW COIACHO NPHHNNHY
JICTAZIbHOT0 PABHOBECHS, U3 KOTOPOIO CIEAYET BAMKHEOE COOTHOLNIEHMO
JIA NUKIMIeCKEX KUHETHIeCKNX NPOIEeCccOB:

k;kzka = k—qk—zk—a. (9.72)
Boauan pasmosecusn

Ji=kas,—k.as, J,= kzOLB — k0, Jy=ksac—k_sa, (9-73)

bt
N ag RT
s = e = )= T (%4~ ke
(9.74)
oy — RT( B N BT e — k).
(Bleg  (%Cleq ky (°B)eq
Orcopa
k. (ca)e . k, (c k., (c
I, = 1 (R;}? q Sy, J,= Z(R];')eq S, Jy=— 3%(73')@1 (£, -1- &),
CaegopaTelnno,
Te e Ju = ky (Ca)eq TF3 (Gcleq 5 | Ey(cc)eq #o
1 3~ R T R T* (9.75)
ks (¢c)eq S ks (€B)eq T K5 (Cc)eq ¥ )
_ "3 \"Cleq 1 2 q 3 q 2
So—ds=—Ff— 7T+ R T
Haxonum

Ly =(ki(cs)ea T Es(cc)eq) /R,  Lpp = (k2(Co)eq t ks (Cc)ea) /R
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n
L,=L, =k (Cc)eq/R-

Teopema Omsarepa L;=Lj; aproMaTHYeCKHM BHIOJHSETCA NpH OaA-
B0CTH K DaBHOBECHIO. '

Compsienne XWMWYECKAX PEaKNHH B OTKPHITOHl cHcTeMe jelaer
803MOIKHBIM IIPOTeKAHHE OSHJICPrOHMUYECKMX pPeaKHuil, 3aupemeHHBIX
B 3aMKHYTHIX CHCTeMaX, TaK KaK OpH 9THX pPeaKIHAX BO3PacTaer
cBoGonHan sueprusa., Mpl yHte BCTpeYamMeh ¢ TAKOrO Poja HpOmecca-
MW — B 9aCTHOLTH, HpH 0OpasosanuN GexKoBeIx nemeir. OGpaszoBanne
KaKq0f NeOTHAHON CBA3M NPOUCXOAUT € BHAJCHHEM OXHOH MOJe-
Kyasr Bogpl. TaKk Kak B KIETKe BOJlA CONEPIKUTCA B M3OBITKe, AOJIK-
Ha OpPEBAIMpPOBATH OOpaTHas peaKmusa TUAPOJIM3a HeNTHJHBIX CBA-
sefl. Ho, Kak MBI BHUjeM, TONUWKOHIEHCALUA COLpsKeHA € »K3ep-
roHmueckoit peaknmeit pacmemienuns AT® (cMm. ra. 8), u ymruus
AUCCHIANMA B HeJXoM mojgomurenbua. CompsmeHne sHIeProHUYECKUIX
DpomeccoB ¢ rupponausoMm AT® mmeer ofmee sHaueHnne B OMOJIOTHH.
HocpemcrBoM compskenus peaausyetcs yameepcadbHas poxs AT
Kak JoHopa cBoGOmHOM »Heprul, HEOGXONMMOIl NJIA HpPOTEKaHH
SHJIeprouWyecKux uponeccoB. Ecim 6Gr KIeTKM M OpraEMsMEl Oburn
maoxuposaunbiMu cucremamu, AT® me morma 6y wrpaTh 9T0it pomm.

Taxum o6pasoM, HepaBHOBeCHAs TepMOJMHAMUKA yie B JuHeii-
HOM HpHOJMKeHMM AOKa3biBaeT BO3MOMKHOCTh MPOTEKAHHWSA B OTKpPbI-
THIX CHCTE€MaX UOpOIEeCCOB, 3ampelieHHblX B 3aMKHYTHIX CHCTeMaX.
Jro mMeer PyHAaAMEHTAIBHOE 3HAYEHUE A GMOJIOrUM.

§ 9.5. Crapuonapnbie cOCTOAHUA JIWHEHHBIX cHeTEM

Kak 06 stoM yme roBopmiochk B mepsoil rmase (c. 17), oTkpbiras
cHcTeMa MOMKeT HAXOQMThCA B CTAMOHAPHOM, XOTHA M HEPaBHOBEC-
HOM COCTOAHUHM. B 5TOM COCTOAHHN TPOAYKNHA SHTPONEHA BHYTPA
CUCTEMBl B TOYHOCTH KOMIOEHCHDYETCS OTTOKOM SHTPONHE B OKpYy-
MKAOmMYK Ccpely, TaK 4TO CyMMAapHAad SHTPONMA CHCTeMH He MeHfd-
ercs:

dS =d,S+d.S=0. (9.76)

Bepraranddu — onua 13 0CHOBOMONOKHMKOB TEPMOTMHAMAKH OT-
KPHITEIX OHOIOrMYECKUX CHCTEM - HA3HIBAJX TaKoe CTAHOHAPHOE CO-
CTOAHME COCTOSIHHEM HPOTOYHOro paBHoBecwss, OHO MHOrMMH 0CO-
feHHOCTAMH OTJIMYAETCA OT UCTHHHOTO PAaBHOBECHHA.

CranuonapHOe COCTOAHNE OTKPHITON CHCTEMEB peanlmsyercs, ecIn
HAa CHCTeMY HAJIOMEHH OrpaHUYeHusd, (PUKCHPYOIUe [OCTOAHHBIC
3HAYEHNA HEKoTOpoil COBOKYIHOCTH 0GOOIEHHEBIX CHJI, HpUYeM O0C-
rajrbAe 06o6mennble cuiabl MoryT MeHaThea. Ecmm X, X,, ..., X;
mocroauun, a Xy, Xia «-. X CBOOOTHO H3MEHAITCH, TO

Ji=0 mua i>j, J,#F0 pua i<j.
duTponusa Takodl CHCTeMB He MOCTHrAaeT MaKCHMYMa, n QYHKmus

NUCCHOANUM OTIMYHA oT myxsa. [omycrmM, uro cucreMa o6MenuBa-
eTcd ¢ OKpymamome#l cpenofl m BemecTBoM, M 3HepPrmeil, Ho Macca
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